Vagococcus martis sp. nov., isolated from the small intestine of a marten, Martes flavigula Euon Jung Tak, † Hyun Sik Kim, † June-Young Lee, Woorim Kang, Dong-Wook Hyun, Pil Soo Kim, Na-Ri Shin and Jin-Woo Bae* Abstract A novel coccus-shaped, Gram-stain-positive, non-motile and facultative aerobic bacterium, designated strain D7T301
chemotaxonomic, and genotypic analyses, Vagococcus martis is proposed as a novel species of the genus Vagococcus. The type strain is D7T301
T (=KCTC 21069 T =JCM 31178 T ).
Effects of gut microbiota on the host are well known in various animal models or human cohorts with respect to development, metabolism, immunity and disease [1] [2] [3] [4] [5] [6] . However, symbiotic interactions between gut microbiota and wild animals have received little attention despite diverse uncontrolled environmental conditions and food sources. Therefore, knowledge of the influences of gut microbiota on wild animals is insufficient at present. To advance our knowledge in this area, we focused on identifying novel micro-organisms in the gut of wild martens. Martens living in wild forests are predators that eat other wild animals such as badgers, squirrels, birds, boars and elks [7] .
Because martens are protected at state level, it is difficult to investigate their gut microbiota while they are alive. So we used a small intestinal tract sample from a marten that was killed on the road in Pocheon-si, Gyeonggi-do, Republic of Korea, and obtained from the National Institute of Biological Resources, for investigating gut microbiota. Homogenized intestinal tissue and fluid were diluted with filtered phosphate buffered saline into 10
À5
, 10 À6 and 10
À7
, which were spread onto Tryptic Soy agar (TSA), Reasoner's 2A Agar (R2A), Marine agar (MA) and deMan, Rogosa and Sharpe agar (MRSA) plates, respectively. After aerobic incubation at 20 and 37 C, 53 isolates were obtained in a culture-dependent manner. All colonies were spread on fresh agar media in triplicate to obtain pure cultures, which were preserved at À80 C in optimal broth containing 40 % (v/v) glycerol.
The 16S rRNA gene of strain D7T301
T was amplified by colony PCR for phylogenetic analysis. The colony PCR was conducted using PCR Pre-mix (iNtRon Biotechnology) and two universal bacterial primers: 8F (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and 1492R (5¢-GGYTACCTTGTTAC-GACTT-3¢) [8] . The fragments of the 16S rRNA gene sequence were assembled using SeqMan 5.0 (DNASTAR) and then the primer sequences were removed from the assembled sequence by using the EditSeq program (DNASTAR). The partial sequence of the 16S rRNA gene (1402 bp) was compared with those of type strains in the EzTaxon-e server [9] . The result indicated that strain D7T301
T had high sequence T and its closely related species were aligned by CLUSTAL W [10] . Phylogenetic relationships were identified by reconstructing neighbour-joining ( Fig. 1 ) [11] , maximum-likelihood [12] and maximum parsimony [13] trees using MEGA version 6 software [14] . A phylogenetic consensus tree showed that strain D7T301 T 5 % (w/v) NaCl conditions using laboratory-made TSYB supplemented with the appropriated amount of NaCl. NaCl-free TSYB was made by mixing tryptone, enzymatic digest of soybean meal, glucose and dibasic potassium phosphate at the ratio of 17 : 3 : 2.5 : 2.5 (w/v). The growth pH test was conducted at pH 4, 5, 6, 7, 8, 9, 10 and 11 by adding the following buffer solutions to the media: 10 mM 2-(Nmorpholino)ethanesulfonic acid (MES) (for pH 4-6); 10 mM N-Tris(hydroxymethyl)methyl-3-aminopropanesulfonic acid (TAPS) (for pH 7-9); and 10 mM Na 2 HPO 4 (for pH [10] [11] . The turbidity of each individual culture was determined by measuring the optical density at 600 nm using a spectrophotometer (SYNERGY MX; BioTek), after 24 h, 48 h and 7 days of incubation, according to the method of Hyun et al. [15] . Strain D7T301
T was found to grow at 15-37 C and pH 6-9 in the presence of 0-5.5 % (w/v) NaCl. Optimal growth was observed at 37 C and pH 7 in the presence of 0.5 % (w/v) NaCl. The whole bacterial cells used in this study were cultured under optimal growth conditions for 48 h, unless otherwise noted.
Gram-staining was processed with a Gram-staining kit (bio-M erieux), according to the manufacturer's instructions. Cell morphology was observed by using a light microscope (ECLIPSE 50i; Nikon). Semi-solid tryptic soy yeast agar (TSYA) was used to test cell motility [16] . Anaerobic capacity was tested by identifying survival after 7 days of culture in an anaerobic chamber with an atmosphere composed of N 2 (90 %), CO 2 (5 %) and H 2 (5 %). Colony appearance was identified by observing cell culture on a TSYA plate, which indicated that colonies had an irregular form. Strain D7T301
T was observed to be Gram-stain-positive, coccusshaped, non-motile and facultative aerobic micro-organism.
Biochemical analyses were conducted by identifying enzyme activity, carbohydrate assimilation and acid production. Enzyme activities were tested with API ZYM test strips (bio-M erieux). Amino acid hydrolysis and assimilation reactions were tested using API 20NE test strips (bioM erieux). Acid production from various carbohydrates was checked by API 50CH test strips (bioM erieux) with API 50 CHB/E medium and carbon source availability was assessed using GP2 MicroPlates (Biolog) with GN/GP inoculating fluid (Biolog). All biochemical tests were performed according to the manufacturer's instructions. Catalase activity was determined by the production of bubbles following the addition of 3 % (v/v) hydrogen peroxide solution and oxidase activity was tested by identifying whether indophenol blue was produced following inoculation of 1 % (w/v) tetramethyl-pphenylenediamine (bioM erieux). Strain D7T301
T was found to be catalase-negative and oxidase-negative. The results of biochemical characteristics of strain D7T301
T and type strains of V. penaei, V. carniphilus and V. fluvialis are presented in Table 1 .
Cell-wall hydrolysates of strain D7T301
T and V. penaei CIP 109914
T were extracted according to modified methods from Schleifer and Kandler [17] and Schleifer [18] . Extracted cell-wall peptidoglycan amino acids were developed by one-dimensional thin layer chromatography (TLC) on a cellulose TLC plate with alanine, lysine, glycine, glutamic acid, aspartic acid and meso-2, 4-diaminobutyric acid as standard compounds (Fig. S1 , available in the online Supplementary Material). Solvent was used for development; methanol/pyridine/6 N HCl/water (80 : 10 : 4 : 26, by vol.). Ninhydrin reagent was applied on the TLC plate for visualizing spots of amino acids. The cell-wall peptidoglycan of strain D7T301
T was found to be type A4a L-Lys-D-Asp. Freeze-dried cells of strain D7T301
T were hydrolysed according to a modified method by Cummins and Harris [19] . The hydrolysates were developed on a cellulose TLC plate with ribose, arabinose, glucose, galactose, rhamnose, xylose and mannose as standard sugars. Solvent containing n-butanol/water/pyridine/toluene (10 : 6 : 6 : 1, by vol.) was used for the developing TLC. Another solvent containing water-saturated n-butanol with 3.25 % phthalic acid (w/v) and 2 % aniline (v/v) was sprayed on the cellulose TLC plate for visualizing cell-wall sugars [20] . Strain D7T301
T was found to contain ribose, glucose and galactose as cell-wall polysaccharides. Fatty acids were extracted using the protocol of the Sherlock Microbial Identification System [21] . Extracted fatty acids were analysed by using an Agilent 6890 gas chromatograph (Agilent Technologies) and identified by using the Microbial Identification software package (Sherlock, version 6.2) and TSBA6 database [22] . The fatty acid profile showed that strain D7T301 T has C 16 : 0 (38.1 %), C 14 : 0 (19.7 %) and C 16 : 1 !9c (12.7 %) as its predominant cellular fatty acids ( Table 2) . The fatty acid profile of strain D7T301
T was similar to other species of the genus Vagococcus. Isoprenoid quinones of strain D7T301
T were extracted by following instructions provided by Collins and Jones [23] . The extracted quinones were analysed by high-performance liquid chromatography using a C18 LC column (150Â4.6 mm) as a stationary phase and a solvent mixed methanol and isopropanol at a ratio of two to one (v/v) as a mobile phase [24] . The predominant menaquinone of strain D7T301
T was MK-7 (85.1 %) and the remainder was an unknown MK (14.9 %).
For genotypic analysis, genomic DNA was extracted from strain D7T301
T [25] . The DNA G+C content of strain D7T301 T was analysed by using a fluorescence detection method with SYBR Gold I using a CFX96 Real-Time PCR Detection System (Bio-Rad) [26] . Escherichia coli K-12, Ruegeria pomeroyi DSM 15171 T , Bacteroides thetaiotaomicron JCM 5827
T and Streptococcus parasanguinis DSM 
Arabinose, potassium gluconate
6778
T were used as references for calibration. The DNA G+C content of D7T301
T was found to be 31.7 mol%, which was the lowest value among reference strains. We obtained whole genomic sequences of strain D7T301 T and V. penaei CIP 109914
T by PacBio RS II sequencing (Macrogen). The whole genomic sequences were annotated by RAST. The nucleotide sequence similarities of the hsp60, pheS, rpoA and atpA genes were calculated by using the PairPro2 pairwise alignment program. The hsp60, pheS, rpoA and atpA genes of strain D7T301
T and V. penaei CIP 109914 T shared 83.3, 75.2, 85.6 and 81.6 % sequence similarities, respectively. In the hsp60-, pheS-, rpoA-and atpAbased phylogenetic trees, strain D7T301 T and V. penaei CIP 109914
T formed a clade which was distinct from other genera (Fig. S2 , available in the oline Supplementary Material). The DNA G+C content of strain D7T301
T based on the genome sequence was 33.8 %, which is slightly higher than the result from the experiment using a fluorescence detection method. We supposed that this difference may be a natural result due to the different method used for analysis of DNA G+C content. To determine genetic relatedness between strain D7T301
T and the reference strain, average nucleotide identity (ANI) was used in EzBioCloud [27] . The ANI value is considered as a substitute for the DNA-DNA hybridization (DDH) value, and the cut-off point of 70 % in DDH corresponds to 95 % in ANI [28, 29] . The ANI value obtained by comparing the genomes of strain D7T301
T and V. penaei CIP 109914 T was 72.6 %. The value is much lower than the 95 % ANI cut-off point for species demarcation.
Based on the phenotypic, chemotaxonomic and phylogenetic information presented in this study, stain D7T301 T represents a novel species of the genus Vagococcus, for which the name Vagococcus martis sp. nov. is proposed.
DESCRIPTION OF VAGOCOCCUS MARTIS SP. NOV.
Vagococcus martis (mar¢tis. L. gen. fem. n. martis of a marten).
Cells are Gram-stain-positive, coccus-shaped, non-motile, facultative aerobic, catalase-negative and oxidase-negative. Colonies have a creamy colour and irregular form on TSYA plates. Growth occurs on TSYA at 15-37 C (optimum, 37 C) and pH 6-9 (optimum, pH 7) in the presence of 0- The type strain D7T301 T (=KCTC 21069 T =JCM 31178 T ) was isolated from the small intestinal tract of a marten, Martes flavigula. The DNA G+C content from the genome sequence is 33.8 mol%. 
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